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During the calend year covered by this report, ."e research activities

supported. by Contract " ,'rr-l22li(19) Nr 015-320 have bect.. more specialized

than in previous years and have been principally, eoncerned vith solar flares.

Investigations started before the report period have been continued., or

toncluded, and the intense concentration on flares has resulted from expansion

and acceleration of studies that have been in progress in the Department of

Astrono• for many years.

PESONL

At the McMath-Hulbert Observatory, Mr. Artnur Miller and Mr. William
-evbou•d continued as full-time --nloyees paid from this contract. Mr. Charlesa

Martens resigned September 1, 19L- to continue his graduate studies elsevhere.

Mr. George Bergey interrupted his graduate study in astroncm at The University

of Michigan to become a full-time employee on this project in June 1963.

In the Department of AstronciV in Ann Arbor, Miss Rebecca Parks, Mr.

Ednwrd Ungar, Miss Chic Takahashi, and Mr. Richard Moore have servet as part-

time graduate student assistants. Mrs. Maria Wentzel has continued as full-

tim assiitaat pse ýf~t-a the cun-4-&tt.

Throughout the year professional astronomers at several institutions

supervised, and participated vithout pay in the programs of research. These

are:

The Dt.artment of Astronomy and the McMath-Hulbert Observatory of The

Univerity of Michigan - Mr, Clifford Bennett, Supervisor; Professor Guenthar

3lste; Miss Ruth Hedeman, Research Associate; Professor Orren Mohler; Professor

Selen Dodson Prince; and Professor RibchArd Teske.

The Perkins Observatory of The Ohio State University - Professor Walter

3. Mitchell, Jr.

Observatoire Cantonal, Geneve, Suisse - Professor Edith A. MHller.

Los Alamos Scientific Laboratory - Dr. 3. Paul Mutachlecner.
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REBEARCH PBOGF

The Study of Solar Flares: Initial Survey and the Organization of

the Spectroheliogra hic Records of Solar Activity

In 1958, special spectroleliographic records consisting of monochromatic

solar photographs of active regions on the disc were begun with the 50-foot

solar tov'-r telescope. Each photograph was made with a narrow band of radiatioa

(uEua:Ly 0.3 angstr.ms, or less, in width) selected from the solar spectrum

systematically in the neighborhood of, and including, the center of the C (H

alpha, 6563 angstroms) and K (Ca II, 3933 angstroms) lines. The band centers

for a series of photographs were charged. systematically frow a position in the

spectrum several angstroms shorter than the wavelength of the central spectral

line to a position several angstroms longer. A series of photographs of the

solar disc made with radiation selected at intervals from the short wavelength

side to the long wavelength side of a selected spectral line is referred to as

a waielength swep

Wavelength sveep records exist for 1958-1961 in thL form of photographs

Sof sections of the solar disc on about 8,000 feet of 35 millimeter motion

picture film. These records have been examined picture by picture and, organized

for study. The positions of all regions photographed on the solar disc have

been noted; an approximate time for each photograph ir the series constituting

a wavelength sweep has been recorded; and a Journal of general comments on

the phencbena photographed and the quality of the observation has been compiled

in a series of bound. notebooks totaling about 18&0 pages.

In another listing, chronograph times to the nearest second have been

recorded for all of the observations in 1958,1961.

A card catelogue of specific events shown on the wavelength sweeps has

been coeleted. for the. above interval and the information it contains is

sft1ed in Tuble 1.
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Table 1

SUM4ARY OF SPECIFIC EVEN!B

Mc6DH-MULBT WAVELR{G¶ SWEEPS FOR 1958-1961

M~ROM OF RECORDS
SPECIFIC EVE1 T

1.958 1959 196 1961 Total

Pre-flare observations 24 115 55 33 227

Flares 52 178 . 58 365

Ejections from flares 1 i 16 5 6 6 28

Flares with loops 0 4 3 j 5 12

SLarge flares without loops, 0 ii 2 4 17

"Points" 120 34 34 251 113
Filaments, active or other-

wise interesting 4 30 30 , 21 85

Active dark flocculi 3 63 73
: 3 events not called 3

oflare 41 28

Da&Irk absorption in wings 16of K-line 7 3 1 5 16

Bright features in wings
of K-line (not points) 7 54  103

The most interesting of the phenomena are being reproduced on photographic

_ paper prints so that they may be studied easi2y. At the end of November 1963,

the catalogue of photographic paper prints covered 600 wavelexugth sweeps nade

i__ in May and July 1959, and more than 100 wavelength sweeps of the region

producing polar cap •bsorption in July 1961.

A projector that vill be used for visual comparison in detail of individi.vl

frames in the wavelength sweep records has been designed and constructed.

- -- = - - -_
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go -etaud. Solar Phenomena Associated with

k Polar Cap Abeorption (PCA)

Flares associated with PCA. A survey was made of the flares associated

with all known cases (51) of Polar Cap Absorption during the fire-year interval

1957-1961. The results of this ;urvey were reported in October 1962, at the

1962 Midwest Cosmic Ray Meeting in Minneapolis, and at the 1963 Tucson meeting

of the American Astronomical Society. A summary of this report follows.

The 51 known cases of polar cap absorption during the five-year interval

19;7-1961 have been ranked on the basis of reported maximum absorption. The

18 greatest PCA events were associated primarily ilith flares of importanee

3 and 3 plus, all within 60" of the centreal meridian cf the sun. In the five

years here. studied, however, there were 104 flares of importance 3 and 3 plus,

but only one-third of these were followel by PCA.

The occurrence of Type IV radio frequency emission is one of the most

general characteristics of PCA flares. Such radiation may be necessary for the

occurrence of PCA, but there were 123 ixares with Type IV continuum emission

and fewer than one-third of these were followed by PCA.

Although strong emission at 10 cm is another general characteristic of

PCA flares, only one-third of the flares vith 10 cm bursts showing fluxes of
-22radiation greater than or equal to 500 x 10 watts per square meter per cycle

per second were followed by PCA. For most PCA flares, the maximum emission at

10 cm follows the maximum at H alpha, end this relationship can be uscd

successfully to separate PCA from non-PCA flares. Ninety per cent of the Ilares

with 10 cm flux greater than or equal to 500 x 10w22a-wtts per square meter

per cycle per second, and with maximum following H alpha maximum were PCA flares.

Photographic records continue to provide evidence that PCA flares occur

over major spot umbrae. Such a flare does not necessarily start over an umbra,

but usually spreads to it as the flare develops. Records for 21 of the 51

PCA fla-es have been seen. They indicate umbral coverage in each case.

Te only sufficient condition yet discovered for PCA is the simultaneous

occurrence of all of the major characteristics of PCA flares - i.e., flare

inpottance 3 plus, large umbra covered, strong Type IV radio emission, and

strong flux at 10 cm in the form of a burst with maxinmu after H alpha maxim=.

-- ----- ----
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Regions with PCA flares. Efforts to predic. .,e occurrence of fleres

T •that eject high energy particles will be greatly assisted if the distinguishing

chAracteristics of regions in which PCA flares develop can be recognized.

Proton-producing flares have appeared, in general, in active, flare-rich

regions containing large, complex sunspots (sunspot magnetic field type gamma,

and beta-gmma). Only relatively small fractions of the total number of

sunspot regions with these characteristics have produced -.'lares followed by

an observation of protons in the vicinity of the earth. Table 2, below,

summarizes the relationships.

Table 2

"" JMBm OF EGIOOS WIT GIVE CHAIMMEIS.fICS COP2AMD

M REGIONS WITH PROTON FLARES

I= -- U

REGIONS WITH SPECIaL TO IM
CHARAC0iMISTIC THAT APPEAI'q CHAflNE¶IISTIC
TO FAVOR THE OCCURRENCE OF- IOAIS FIR

PROTON FLARES tubrwith1A AR FOS: PR~qDNFLARES ITotal No, W.••ICAW•ID YEARS

PCA Flares

Flara-rich 1957-1961 (25 most flare-
Srl.1 in Cach yCar) 125 27 34

Flares with Type IV emission 1957-19C1 70 26e 4

Fifty largest sunspots 1957-1960 I
(Mount Wilson) s 502 31

Spots with area 5 1000 millionths of j
hemisphere 1955-1960 (Mount Wilson) 75 13. 43

Or opots 1955-1960 (Mount Wilson) 61 14 j 5

r spots 1955-1960 (Mount Wilson) 32 9 34

O ror r spots 1955-1960 (Mount Wilson) 93 23 34

Dr or r spots and spot area O 51000 3
millionths of hemisphere 21955-1960 32 12 34

It is possible that this number should be larger because PCA flares occurred

in eight regions at times when dynamic spectra were not being obtained.
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In June 1961, at a meeting called by NASA at the High Altitude Observatory

of the University of lolorado, Professor Prince pointed out that the then known

PCA flares had occurred mainly in long-lived calcium plages during their second,

or later, appearances on the visible hemisphere of the sun. According to

McMath-Hulbert records, subsequent years have failed to provide instances of

major proton evaaze with flares that have occurred in calcium plages during

their first appearance on the sun's disk. The agt of the center of activity

apparently plays some rola in creating circiumftances favorable for the ejection

of high-energy particles at the time of great flares, or for the arrival of

particles in the vicinity of the earth.

Consideration of the age, or maturiti:, of on active cent..r in conjunction

with other characteristics associated with PCA flares L4rengtbens the evidence

that long life may be a necessary aspect of a region before major flires, even

with strong Type IV emission, produce high-energy protons detectable in earth's

neighborhood by methods currently in use.

Dia&gras showing number versus age of calcium plages (not the age of the

associated spots) in which PCA flares have taken place; tha distribution by age

of the regions with flares emitting Type IV radiation with distinction between

PCA and non-CA regions; corresponding data for the regions with the largest

sunrspots have been prepared. Graphical studies have been made for other

characteristics of PCA flares and regions, and in every case the introduction

of the age of the region has been helpftl in sharpening the distinction between

proton-producing flares and relatively similar flares -ithout associated PCA

at the earth.

Current situation in regareL to the prediction of polar caE absorption. If
complete and excellent photographic, visual, and radio-frequency observations

are '-Mediately available, it should be possible to recognize flares that vill

be followed in a small number of hours by major proton events. Minor events

may be mi3sed and a small amount of over-war•ning would result.

Data for the largest sunspots are based on the Mount Wilson yearly summries

of large sunspots with area greater than 1000 Millianths of the I-misphere.

MW¶ey are cecwlete only through 1960.
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The occurrence of one PCA flare in a regioa is good warning for further

FCA flares in the same region, either during the presence of the region on the
visible hemisphere, or during reapparances in subsequent solar rotations.

Anticipation of proton events by more t'-n a few hours, or by events other

+4oe.÷ A tr~or occurrence of a proton flare. seems to require better understanding

of the cha~acteristics of the regions in vbich the proton flares occur, the

patterns of growta and development of the regions, and the characteristics

that distinguish the PCA from the non-PCA regions.- Attempts at improvement are

considerably hampered by the disappearance of active regions for two-week

intervals as a result of the sun's rotation. Observational data must be extrapo-

lated in an attempt to deduce whether or not a partict-iar region will dixdnish,
grow, or remain relatively unchanged during the thirteen days of invisibility.

Purthermore, at prettent, the study of regions does not give as much weight to

the role of sunspots as might be desirable because detailed information about

the growth and development of sunspots in area and magnetic etharacteristics

does not exist.

ihe age of regiors in which flares occur is Pxtremely helpful in the pre-

4ALtion of PCA events, since major PCA events have not beer, associated with

'tIl.ons in their first solar rotation. Possibly thls circumstance reflects

.c'.•ditions in the earth-sun system xsther than a situation related to the

pa -•duction of protons in a flare. This possibility is under repeated re-examina-

ti•.• as these studies continu•.

The Study of Solar Flares:' Relative Intensities

of Puamre Emission Lines

M During the IGY a series of flare spectra were made with the Wadsworth

spectrcgraph of the Mcopath-Hulbert Observatory. Dr. V1ste has reviewed these

obsera •tions for use Irn constructing a catalogue of the relative intensities

of flaze emission lines. Since the resolving power of the spectrograph is low,

only estimates of live widths are possible, but the relative intensities can

be estaelished with considerable precision and measurements to this end are

undex-uay

A4
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he S f Salar Flares: Other Research Programs"

Relating to Flazes

Dr. Teske han stt.dieI '"Igh-resolution spectra in the H alpha region that

were secured during '.tvs great cosmic-ray flore of November 12, 1960. The

pbynic2l. stzr4,t-,ue u this flare, as Indicated by the H alpha emission, closely

reseibled that dedliced b other investigators for otber very great H alpha

flares

Duriig the months of March and 14ay 1963, Dr. Prince visited observatories

Sal • Fr ~unhofer InsLtu.•te, Arcetri, lIeudon,. and Dunsink. Photographs of the
E disk •z•r- exeiined. for the hours before sunrise at the McMath-Hulbert

COw -to-rs o n ne -ays that saw •he occurr-ence of PCA-associated flares and

a19 2 Oi 7ýý J .zeurrenc, of great flares without PCA. The observations

tende-. o0z s .- 'en evidence that the greatness of sunspcts and tbeir proximity

to tt flare emission play saw part in the differentiation between great

flares vith, and without, major proton emission. In the course of her three-

rnonths ab,,ence from the McMath-Hu~bert Observatory, Dr. Prince had the privilege[ of diin.ssing -olar problems of mutual interest with many astronomers including: A

Drs. Kiepenveuer and Bruzek at the Fraunhofer lns .,tute; Professors Rigldni
and Dallario at Arcetri; Professor R6ch at the Pic-du-Yildi; Drs. Michard,

Pick-Gutman, Servajean, Mine. Mastres and M. a2..vieri at Meudon; Professor
Sll~so:, Dr. Mc1erma and Dr. Reid at Dfunsink; and. most especially with Dr. and

lme. dlAzambuja, now retired, but still th-' most experierced observers of solar

4CtiVitYr.

Dr. Teske b directed the use of the McGregor solrr tower and vacuum

spect-zn-rýorph durtn the last year for th measurem-.nt of magnitude and polarity

et margnetic fields in sunspots and adjacent regions. Vose measivemsnts have

been used for the classification of sunspot groups according to the McMa-h-

Hulbert ur erztandng of the Kount Wilson syst-rm, and also for detailed studies

of the struct3u e of magnetic fields within some of the large sunspots tnat

appeared in 1963. Analysis of the measuremats is being continued.

At the request of the Chairman of tho. Inter-Union Coamittee on Solar-

Terrestrial Relationsbips, Miss iledeman and Dr. Prince prepared a review

manuscript entitled: "Probl•er of the Differentiation of Flares with Bespect
tc Geo~hysical Effectn." Tt* revlow attempted an evaluation of the general

Z



SrelationaVips between flares and possibly associated. ionoapiheric an0 geo-

magnetic disturbancea for the five years 1.957-1961. The manuscript is being

published in thz X BeRorz on Solar-Ierrestrial Relations of tbe inter-Unicn

Ccmmission on Solar ard Terrestrial Relationships.

The wavelength sweep records, currently under organization for more
extensive analysis under this contract, provided deta used by Dr, Prince and

Miss Hedeman for a report, "Moing Material Associxted with the ?lare (3 plu•)

of July 16, 1959," presented at the nFC - American Astroncoical Society

Symposium on the Physics of Solar Flares, October .963. The observations

provide evidence for ejections in the premaximum and early sTages of the flare

and systems of loop prominences and descending material ir, the late phases.

The inferred prominence motions accompanying thiS great flare on the solar disc

are consistent with the prominence motions photographed at the times of certain

great flares at. or near, the limb of the sun. Additionally, the wavelength

sweep spectroheliograms showed that the activation of a relatively distant •

filament in tl,.- early stages of the 1959 July 16 flare took place during the

displacement of the H alpba absorption by the apparently intact filament. The
H alpha absorption by the filament is first displaced about one angstrom to the

longer wavelengths and this is followed by a similar displacement to the

shorter wavelength side of the H alpha line. The displacements imply down-up

motions of the filament and they were repeated before the filament stabilized.

Similar mot-ions, first down, then up, vere recorded during the activations of
d hfilaments associated with the flare of 1960 June 25 20 3M,'.

Basic Solar Research: The Small-Scale Structure

aof Selected Fraunhofer Lines

Dr. Teske has analyzed spectrum photographs made especially for the study

of the variations with time of the fine structure in the Fraunhofer lines. A

.number of series of qpctra were exposed, each of which was guided at a precise

pcsition on the solar image. 4easurements of the structure in the line indicated

oscillatory motions in the granulation field trom which a quasi-period of 270

seconds was deduced. Detailed analysis of a single series of fine spectra

indicated that photospberic elements showing a temporal period are standing waves

in which quasi-periodic oscillations are modified by radiative leakage of energy.

Statistical analysis of the coherence of the depth, half-intensit, widths,

_• •
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equivalent widths, and small-scale structures in the Fraunhofer lines implied

that the cooler photospheric elements are in more turbulent motion than the

hotter cells.

Absorption linea in the solar spectrum sametimes show variations in width
across the photospheric taculae. Dr. Teske has secured mo'.e than 100 spectro-

grams in facular regions for the study of this effect and the comparison of

spectrxm live widths within and outside of facu-ae. Approximately one-half

of the material available has been measured and analyzed.

A related study is based on the observation that large, local shifts in

the Fraunhofer lines are known to be muted in the calcium plagcs. Dr. Teske

has accumulated spectra taken under unusually excellent seeing conditions for

an investigation of the large shifts and tneir implications with regard to the

plage- facula phenomenon.

Basic Solar Research: The Lecrease in Intensity

at the Extreme Solar Limb

Drs. Elste and Teske and Mr. Bennett, assisted by members of the McMath-

Hulbert Observatory staff observed the partial solar eclipse of 1963 July 20

at Lake Angelus using the McGregor solar tower and vacuum spectrograph. Observa-

tions that will be used for the determination of the decrease in intensity at

the extreme solar limb were recorded photographicall4y and photoelectrically

in a number of spectral regions near the maximuu partial phase of the eclipse.

Dr. Elste will apply these observatl.ous to the determination of variations in

the sun's continuous spectrum at the solar limb. From this result it will be

possible to make an estimate of electron temperatures in the upper solar

atmospbere.

Basic Solar Research: Investigations of Center-to-Limb

Variation of Weak Lines of Iron and Oxygen

Dr. Elste has begun a theoretical study of the sun's energy distribution

at the center of the disc and of the solar limb-darkening. A new teprature

"-model of the solar atmosphere is being computed aed detailed computations of

the wavelength dependence of the continuous absorption coefficient are in

progress. The results of the computations will be applied to the study of the

veak, lims of iron anr oxygen. It appears that the generally accepted values
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for microturbulznce in the solar atfrsph-,ze are far too large and that the

essential mechanism for line broadening is macroturbulence. In order to

confirm this resull, the wings of strong lines are being measured. This will

make possible a derivation of the numbers of absorbing atoms in the lower level

of the strong line. The equivalent widths of veak lines arising from the same

level can be used to eliminate the effects of microturbulence and the velocity

field of the macroturbulence can be found from analysis of the strorg line

profiles. The results for the. macroturbulence will be compared dire-ctly with

the observed struct~ures of the strong lines.

Basic Solar Research: The WavelengthE of the

Lines in the. Solar Spectrum

Dre Mohler has generally supervised a continuing study of the wavelengths

of solar lines in the 5000 angstrom and 10,000 angstrom spactral regions. Dr.

Walter E. Mitchell, Jr., is in imnediate charge of the wavelength determination

and line identification in the 3000 angstrom region. For this work he has used

the ONR spectrometer installed in the Snow telesoope on Mount Wilson. Line

identifications in the 10,000 angstrom regions are being carried forward by

Yo . Wentzel and Chie Takahashi in close collaboration with Dr. Mohler. The

line identifications in the 10,000 angstrom region are based on tracings made

at the High Altitude Observatory, Jungfraujoch, Switzerland, by Professor M.

Migeotte of Liee University.

Basic Solar Research: The Chemical Abundances

in thle Solar Atmosphere

Drs. Edith M ller and J. Paul Mutschlecner have continued their studies
of the ebundances of the various elements in the solar atmosphere. Mutschlecner

devised a routine for the computation of abundances in which the numerous

parameters could be varied irnependently. This routine was applied by

Ylutschlecner ii his thesis to the determination of the r' lative abundances of

the trace elem nts lithium, beryllium, and lead, and by Mutschlecner and Maller

to a study of the effects of non-equilibrium conditio,-s on the determination

of abundances. Both of these studies emphasize the necescity for improved

laboratory values of the oscillator strengths if significant advances in

pre-ision are desired.

I
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PUBLICATIONS SINCE AUGUST 1962

Based upon research supported. wholly, or in part, by funds from this contract.

McMath-Hulbert Observatory Working List of Flares and Daily Flare Index for
1961. Helen W. Dodson and E. Ruth Hedeman. IGY Solar Activity
Report Series No. 21, 1963.

McMath-Hialbert Observatory Working Li st of Flares and Daily Flare Index for
1962. Helen W. Dodson and E. Rutn Hedeman. IGY Solar Activity
Report Series. Ir. press.

The Hc Line in the Flare of November 12, 19l0. Richard G. Tes)e. Ap. J.

136., 534., 1962.

Solar Instruments - Physics Handbook (Ed. by S. F!4.ge) L, I, 1962.
Orren C. Mobler and Robert R. McMath.

Studies of Flares Associated With Polar Cap Absorption. Helen Dodson-Prince
and E. Ruth Hedeman. Astronomical Journal 68, 290, 1963.

Small-Scale Structrea of Solar Fraunbof'cr Lines. Richard G. Teske. Ap. J.
138, 271,. 1963.

Problems of Differentiation of Flares With Respect to Geophysical ETffects.
Helen W. Dodson and E. Ruth Hedeman. X Report on Solar-
Ttrrestrial Relations zDf the Inter-Unioi Commission on Solar and
Terrestrial Relationships. In press.

Moving Material Accoupanying the ni are of 1959 Juky led ab i 1LP, Helen W.
Dodson and B. Ruth Hedeman. Report of Goddard AAS Symposium
on Physics of Solar Flares, October 1963. In press.

Effects of Deviations from Local Thermodynamic Equilibrium on Solar Abundances.
Edith A. Mliller and J. Paul )-htschlecner. Ap. J. Supplement,
1964, in press.

Abundance of Lithium, Beryllium and Lead in the Solar Atmosphere. J. Paul
Mutzchlecier. Doctoral Dissertation, Rackham School of Graduate
Studies, The University of Michigan, 1963.

A Double-Pass Pfund Spectrograph for Solar Research. W. E. Mitchell, Jr.
and 0. C. Mohler. Journal of Applied Optics, 1964, in press.
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